exhibits features of an institutionalised regulatory science (Demortain, 2017) . These include the standardisation of dominant knowledge practices and the emergence of professional cadres of experts forming a part of, or entertaining close ties to, the state apparatus. At the same time, it has also become a field of contention, wherein a variety of technologies of knowledge production, social groups, and visions of the future coexist and compete. Indeed, the production of predictions and forecasts for public policy is not only an epistemic endeavour, but also an intrinsically contested and political activity. Its internal diversity -most policy environments count a variety of available technologies for producing anticipatory expertise -tends to reflect the politics and power contests of the corresponding worlds of policy formulation and implementation. As a result, the landscape of anticipation-for-policy is rapidly evolving. Profound changes affect the production and validation of knowledge, as well as its use in policy environments. The diversity of actors, sites and knowledge practices involved in anticipatory expertise is increasing.
Hence, while the study of anticipatory knowledge practices is hardly a new theme in science and technology studies, we see the need to take stock of these new developments. We also believe that such an endeavour necessitates to extend the scope of existing STS research. Previous studies have mostly concentrated on isolated and/or dominant knowledge practices, without paying much attention to the dynamic interplay or competition between different forms of anticipatory knowledge and their relation to the policy process. The special issue therefore builds on ongoing scholarly discussions about anticipatory knowledge and its 'performativity' , to take a fresh look at the politics of anticipatory expertise. It also goes beyond the political science literature, which has investigated the role of forecasts and predictions in the political struggles and framing contests that accompany policy formulation (e.g. Baumgartner and Midttun, 1987; Grunwald, 2009) , while showing only limited interest in unpacking the social dynamics underlying model construction, or the validation practices that found the credibility claims of anticipatory knowledge. Various new developments in the interstitial space between these two, scarcely intersecting strands of literature thus remain unattended, which this introduction and the contributions comprising the special issue offer to identify and explore.
The performativity agenda
Scholars have thoroughly investigated how the growing reliance on model-based simulations and predictions has reshaped entire scientific disciplines (Morgan and Morrison, 1999) and fields of technological innovation (Van Lente and Rip, 1998) . A highly influential way to capture this rise of anticipatory practices has been through the notion of performativity in economic sociology (Callon, 1998; Mackenzie, 2004) . Following Mackenzie (2006: 250) , a broad, generic sense of the notion simply points to the fact that numerical models and other artefacts created by economists are taken up in economic practice. In a stronger sense, they materially 'equip' economic transactions and 'format' the ways in which such markets function. To be performative, future knowledge travels through socio-technical "arrangements of prediction" (Schubert, 2015) -instruments, infrastructure, and shared practices -which bring together social actors and redefine their preferences. The performativity argument has be extended to the making of economic policy. Braun (2014: 51) argues that models are key ingredients of "governability paradigms", which stabilise "when a sufficiently large part of the macroeconomic discipline is in agreement over the causal relationships between instrument and target variables, as well as over the way in which the former should be used by policymakers." Macroeconomic models have also been found to play key roles in policy change (Henriksen, 2013; Angeletti, 2011) : as new models come to be embedded in policy circles and administrative practice, they contribute to wider transformations in the ways in which problems are identified and discussed, and solutions designed and implemented.
Other policy domains and model-based sciences are similarly concerned by these developments. In an early study on IIASA's first global energy forecast, (Wynne, 1984: 277) argues that this predictive exercise was highly consequential for policy formulation, as it delimited "what policies are even conceivable". The complex formalism of the underlying energy model tacitly embeds, and thereby reproduces, the worldviews and normative assumptions of its architects, imbuing them with an aura of scientific objectivity. Similarly, climate change forecasts simultaneously define through which mechanisms climate risks occur, what and who is at risk, and which adaptation policies might be appropriate (Jasanoff, 2010) . Kieken (2004) goes one step further in a study on integrated assessment models (IAMs) -a type of model widely used in climate policy assessments. He holds that it would be wrong to depict IAMs as primarily scientific objects. Much to the contrary, exerting political influence is a constitutive goal of the IAM community and a fundamental ambition of IAM modellers (see also Cointe et al., in this issue). Following on this, Beck and Mahony (2017) show that the projections produced by such models even bring into being new political objects -such as 'negative emission technologies' -and argue that the resulting "politics of anticipation" pose challenges to common conceptions of scientific neutrality.
Another way in which models 'perform' is by coordinating the various social worlds implicated in policymaking. Models and their productions function as boundary objects that structure collaboration between academic communities (Edwards, 2010) , and between experts and politicians (van der Sluijs et al., 1998; van Egmond and Zeiss, 2010) . The MARKAL energy model, for instance, has been found "to perform different roles for different groups", a capacity which "has served to embed and institutionalise the model in the energy policy community" (Taylor et al., 2014: 32) . While this has assured the model a rare longevity in administrative practice, over the years its technological focus has also reinforced an existing bias toward technical solutions in energy and climate policy. Modelling of environmental hazards is another case in point. It is practiced by specialised consultants who have established privileged relationships with policy managers. In a study on flooding risks, Catharina Landström and colleagues show that even though modelling practices are rarely subject to academic peer review, modellers tacitly "define what society needs to know about flooding in order to undertake risk management that is considered satisfactory" (Landström et al., 2011: 18,19) .
Pluralizing performativity
The emergence of complex, socio-material "machineries" of anticipation (Nelson et al., 2008: 549) has wide-ranging consequences for policymaking. As it confers political influence to the expert communities that control the 'means of anticipation' -so to speak -the literature has also embraced normative considerations. Modelbased forecasts have been criticised for depoliticising policymaking and public debate (Voß, 2013) , silencing the voices of lay publics and local populations (Miller, 2004; Mahajan, 2008) and restricting the expression of alternative imaginaries of the future (Jasanoff, 2010) . When technoscientific or catastrophic future visions "colonise" or "abduct" the present (Adams et al., 2009: 255; Kaiser, 2015) , they contribute to processes of "defuturisation" (Luhmann, 1990) . This raises important questions pertaining to the accountability of modellers, and to possible ways of 'democratising' anticipatory expertise by associating wider publics in modelling or scenario building. It also points to the need to gain a better understanding of the diversity of ways of forging futures in policy the variety of actors involved.
No longer the monopoly of a few academic or state institutions, quantified future visions are produced within broader networks spanning public agencies and global governance bodies, scientific institutes and think tanks, as well as firms and civil society organisations (Voß et al., 2006; Guston, 2014) . Policy intermediaries and knowledge brokers invest in anticipatory practices to sustain their role in changing policy environments, while transnational organisations and governance bodies play key roles in processes of model evaluation, validation and standardisation. Anticipatory knowledge production hence spans a variety of institutional loci at local, national and transnational scales. This geographic and spatial diversity in turn imposes differentiated requirements on the design and scope of model architectures. In addition, sharp increases in computing power and data availability have renewed existing knowledge practices, and led to the emergence practices, what explains the success of some techniques and the failure of others? And how do such epistemic conflicts shape knowledge production in the first place?
The contributions to the special issue
To develop a differentiated take on contemporary transformations affecting anticipatory expertise, the articles assembled here span a variety of governance scales (local, national, global), countries (the US and the European Union, France, Germany and Belize) and policy domains (energy, climate, agriculture and food policy, risk regulation, forest and water management, policing). They cover different forms of knowledge production, ranging from formalised and computational to non-formalised, lay practices of anticipation. The authors also approach their objects from different theoretical and methodological perspectives, combining STS approaches with ethnography, history, political science, and sociology, while using analytical frameworks as diverse as coproduction, performativity, and field theory. All papers study the dynamics of anticipatory expertise against the backdrop of evolution in the corresponding policy field, to better understand how such expertise becomes embedded in, and co-constitutes the governance of, complex and contested policy issues. As the following summaries cannot do justice to the empirical richness and analytical diversity of these studies, we invite the interested reader to take a closer look at the articles themselves.
Three contributions focus on forecasts and scenarios in energy, climate and agriculture governance. Stefan Aykut provides a historical study on German and French energy policy, which links evolutions in energy modelling to key moments of policy change. Energy policy is envisioned as a field populated by competing "predictive policy assemblages" made up of discourses, human agents, knowledge practices and material artefacts. Dynamics of model development therefore tend to reflect wider political struggles: in the post-war decades, energy models helped constitute 'energy policy' as an autonomous policy domain structured around a specific representa-of new ones. Classical quantitative models based on the law of large numbers and the associated notions of norms and means (Desrosières, 2000) now compete with machine-learning based techniques in which the model is no longer an input into the calculation, but an output (Cardon, 2015) , as they proceed by testing all possible correlations between an ever-increasing number of features. As a result, predictions, forecasts and scenarios in many policy domains now form "ecologies" or "assortments of futures" (Michael, 2017) among which policy actors, stakeholders and activist groups can choose and within which they must navigate. Moreover, as the diversity of actors, instruments and governance scales in policymaking increases, modelling techniques tend to vary in form and content depending on the political context of knowledge production, and on the demonstrations that those who use models and their outputs are interested in making.
By contrast, the theme of performativity has typically been applied to situations characterised either by the existence of one dominant knowledge practice, or by a privileged relationship between a producer of anticipatory expertise and a (political) centre of decision-making -often the state (e.g. Nelson et al., 2008) . We therefore feel the need to enrich the focus on performativity through a political sociology lens, which pays closer attention to conflicts and power asymmetries in knowledge production, as well as normalisation and regulation activities by public agencies and private actors (Frickel and Moore, 2006; Bonneuil and Joly, 2013) . The political sociology of anticipatory expertise that we defend approaches predictions, forecasts and scenarios as one of the many 'currencies' mobilised by competing actor groups seeking to bear on the governance of public problems. As with other forms of policy-relevant knowledge, the social dynamics of modelling fields therefore reflect the politics of policymaking, the variety of intentions and actors involved, the power struggles among them, and wider shifts in policy frames. How do performance contests, so to speak, play out? How do various forms of anticipatory expertise co-construct or exclude each other in policymaking and governance? Amongst a diversity of anticipatory instruments and knowledge tion of the energy system and of available policy options. This changed in the 1970s, when activist groups 'equipped' with new modelling techniques proposed alternative future-visions and political ontologies, which enabled new forms of political intervention. The article concludes by specifying a series of conditions under which changes in knowledge practices can be expected to contribute to wider policy change. Béatrice Cointe, Christophe Cassen and Alain Nadai examine how IAMs became over the past decades the main tool for producing emissions scenarios for the Intergovernmental Panel on Climate Change (IPCC). IAMs represent interactions among environmental, technological and human systems in a single integrated framework. The authors retrace the structuration of the modelling community around both a common normative commitment to produce 'policy-relevant' knowledge, and of a shared 'repertoire' of organisational techniques and knowledge infrastructures, such as the creation of a research consortium, common scenario databases, and model intercomparison projects. This, they argue, created a wider convergence of research practices and agendas among scientists involved in climate expertise. It also anchored this nascent modelling technique and the corresponding epistemic community in global climate governance. Lise Cornilleau's contribution shows that similar dynamics are at work in global agriculture and food security governance. Drawing on neo-institutionalist and Bourdieusian field theory, she examines the processes through which certain knowledge practices come to be considered as more legitimate than others in policy contexts. Empirically, the paper centres on the competition between two distinct modelling communities. It narrates how the architects of a new model-type attempted to gain a better position in global expertise by emulating central features of the dominant modelling approach. The study demonstrates that modellers act as 'institutional entrepreneurs' , actively creating and maintaining structural homologies between fields of expertise and governance. Echoing Cointe et al.'s central argument, Cornilleau contends that dominant modellers strategically used intercomparison exercises to maintain the high ground in policy advice, by setting implicit standards for modelling techniques that suit the incumbent expert community.
Two articles look into the prediction and management of environmental resources. Antoine Dolez, Céline Granjou and Séverine Louvel investigate forest science and management in France. Anticipatory expertise in this domain does not form a monolithic whole, as well-established practices of knowing and governing forest development coexist alongside newer ones that emerged in the context of climate change debates. The authors identify three "micro-regimes of anticipation": the adaptation of forestry to future climates; the prediction of tree biology; and the monitoring of forests as indicators of climate change. This diversity, they contend, both reflects the impact of the "big future" of climate change on knowledge production, while also pointing to wider changes in forest management, as different expert communities tend to maintain privileged relations with policy actors. Mapping such regimes helps understand the evolution, interaction and hybridisation of knowledge practices, as well as the conflicting politics of environmental anticipation. Sophie Haines offers an ethnographic study of anticipatory water management in Belize. Alongside formalised predictions based on statistics and modelling, she foregrounds the ways in which scientists, practitioners and policymakers navigate water futures through relational "reckoning" work. Necessary to "mak[e] measures and measurement meaningful", such work rests on a scientific ambition to know and predict, and on artefacts like datasets, models, and maps. However, it is also embedded in a complex web of social relations, which are shaped by political and economic struggles, and are thus affective, situated, and experiential. Haines argues that the indeterminacies surrounding data and its interpretation, as well as the political use of predictions, frequently lead to frictions, disorientation, and discontent. This material, social, and emotional context shapes what she calls the "political lives of anticipation". Anticipatory governance, the article demonstrates, has as much to do with scientific knowledge, as with situated practices of coping with non-knowledge and uncertainty.
The three final papers consider predictive modelling in risk regulation and security interven-tions. Bilel Benbouzid focuses on a commercially successful software package for predicting crime, PredPol. He analyses the construction and dissemination of the PredPol algorithm against the backdrop of other predictive technologies that motivated and inspired its development: statistical systems for identifying crime 'hotspots' , and algorithms used by geologists to predict earthquakes and seismic aftershocks. By opening the black box of PredPol's mathematical composition -partially, as the algorithm is not public -Benbouzid shows how it embeds specific normative assumptions and policy frames. PredPol aims to 'optimise' police work, which makes it compatible with neo-managerial cost reduction efforts. In addition, PredPol's way of predicting crime independently of any consideration of the underlying social dynamics obfuscates the social causes that drive criminal behaviour. Henri Boullier, David Demortain, and Maurice Zeeman zoom in on modelling practices at the U.S. Environmental Protection Agency (EPA). The EPA has in recent decades become the site of the formalisation of a new practice of chemical hazards' prediction, derived from the modelling of statistical relationships between chemical structures and their biological activity. This might seem surprising, as the agency operates in a highly constrained epistemic environment: legal frameworks combine with organisational cultures to define the kind of knowledge that is routinely used, and limit the ability to embrace other types of information. The study examines against this backdrop how the EPA succeeded in turning highly uncertain and experimental modelling techniques into credible regulatory knowledge. It also shows that while this so-called SAR technique has come to occupy a central position in chemical's regulation, it does not predetermine risk regulation. Instead, modelling articulates with other ways of establishing chemical risks, such as empirical experiments. Brice Laurent and François Thoreau further explore chemical hazards modelling, this time in the European context. They also find that modelling of structure-agency relations does not replace expert judgment. It requires large doses of human intervention, for instance to determine the chemical substance to be modelled in each new case, or to correct problems of over-or underfitting with external data through parameterisa-tions. It therefore constitutes more than a simple mechanical tool, and tends to resists standardisation. Laurent and Thoreau argue that this feature of chemical hazards' modelling does not easily fit with the ideal of "mechanical objectivity" (Porter, 1995) that structures the European Union's risk governance. They also highlight that model-based regulation of chemicals poses critical questions of transparency, as it institutes power asymmetries between model developers in private companies interested in avoiding public scrutiny of their knowledge practices, and experts in the regulatory agencies in charge of assessing the models.
Unpacking the politics of anticipatory expertise
Despite the plurality of objects and approaches, a series of common themes and insights emerges from the articles. First, model-based predictions form part of, and are embedded in, a larger set of anticipatory practices that inform contemporary policymaking. The papers show that anticipatory expertise cannot be reduced to quantified predictions, nor to a single epistemic culture. It comprises various knowledge practices, tools, and organisations. New modelling techniques are commonly related to, contested by, and constructed against other models and claims about the future. Instead of replacing established (lay or expert) practices of anticipation, they complement them by addressing new questions, or produce 'frictions' when they challenge socially entrenched practices of anticipation. They also require new forms of judgment and human intervention, to calibrate them, contextualise their knowledge claims, and interpret their results.
Second, anticipatory expertise intervenes in all phases of the policy process. Modellers are consistent actors in policymaking, not occasional advisers brought into the process upon request by policymakers. This is not to say that anticipatory knowledge determines policymaking. Neither on top nor "on tap" -to paraphrase Winston Churchill -for policymakers, anticipation experts actively participate in policy formulation. Their tools, judgements and simulations are among the information sources and framing devices that shape public debates and agenda setting. They are also routinely used in policy implementation, for instance to calibrate policy instruments or monitor the impact of political measures.
Third, anticipatory knowledge is produced within sociotechnical 'collectives' or 'assemblages' . Knowledge about the future is inherently uncertain and thus particularly exposed to critique. To become a relevant and lasting feature of policymaking, it needs to be validated according to collectively held norms of credibility, through processes involving governmental assessment bodies, global standardisation organisations, and intercomparison projects. It also relies on 'infrastructures of anticipation ' -in Edward's (2010) sense of vast machines of technical artefacts, epistemic infrastructures and social institutions -within which models and their results are controlled, compared and interpreted. This in turn creates path dependences in terms of knowledge practices and expert communities. In most of the cases analysed in the special issue, the tools, practices, and organisations involved in collecting data, constructing models and validating them, and producing anticipatory expertise, all have long histories.
Fourth, fields of anticipatory expertise are driven by struggles for hegemony between different knowledge practices and their proponents. The dynamics of such competition shape the relations between expert collectives and produce hierarchies among them. On one extreme, we find 'open markets' for expertise, in which a wide variety of knowledge producers compete for public attention and contracts. Here, entry barriers tend to be low, and validation and standardisation processes collectively negotiated. In cases where the capacity to produce formalised, authoritative knowledge about the future is more unevenly distributed, the field of expertise can take an 'oligopolistic' structure, or, on the other extreme, be dominated by a (near-)hegemonic knowledge practice. 2 In these cases, the diversity of knowledge about the future is channelled by a general drive toward the standardisation of knowledge production, as well as by the fact that anticipation is sustained by and embedded in material artefacts and technical infrastructures, which constitute potent entry barriers for potential newcomers. Existing sociotechnical infrastructures of anticipation restrict competition in futures and policy knowledge.
Fifth, the dynamics of knowledge production reflect central features of policymaking in a given domain. The papers in this special issue show that anticipatory expertise in risk regulation (toxicology), strategic planning (energy, climate), administrative management (forest, water policies) and security interventions (policing) takes very different forms, depending on the actor configurations and prevalent modes of policy intervention at play in public policy. This raises interesting questions as to the ways in which expert communities and anticipatory practices articulate with policymaking and governance, and in which predictions, forecasts, and scenarios come to be translated into policy-relevant knowledge that circulates outside expert communities to become an integral element of policymaking.
Lastly, field-specific relations between experts and policy actors structure knowledge production and uptake. Such "patterns of interaction" (Miller, 2001) enclose distinct ways of envisioning and organising the translation of scientific knowledge into policy-relevant expertise. In climate governance for instance, modelling communities are formally incorporated into a larger "governance apparatus" (Feldman, 2011) through the mediation of technical assessment bodies. In energy policy, modellers tend to merge with competing policy networks by establishing privileged relationships with specific policy actors. This contrasts with fields like predictive policing, where relations between knowledge producers and users are only weakly formalised and more fluid. Such cases tend to accommodate a greater variety of knowledge practices. As these examples show, intermediary organisations of assessment, comparison, and standardisation play a critical role in structuring and strengthening the science-policy link. Accordingly, such organisations constitute key sites in struggles over economic resources and political influence. Where they do not exist, knowledge users typically struggle to evaluate competing predictive techniques, as knowledge producers have little interest in disclosing their epistemic practices.
Taken together, the papers in this special issue illustrate the productivity of a perspective that combines STS and political sociology to gain a finer-grained understanding of anticipatory expertise in public policy. Such an analytical angle, we contend, leads beyond visions of anticipatory governance either as a process in which 'enlightened' policymakers base their decisions on rational assessments of the long-term consequences of different policy options, or as a process in which modelling experts and their predictions indistinctly 'depoliticise' public debate and predetermine policymaking. As models, forecasts, and algorithms have become a common -and in many ways indispensable -feature of contemporary policy debates, we hope that this special issue will stimulate further research that jointly analyses the politics of anticipatory knowledge production and the multiple ways in which such knowledge informs, intervenes in, and contributes to shaping the governance of public problems.
